Background: Immune checkpoint inhibitors have become the first line therapy in melanoma treatment and their use is extending to other malignancies. However, we are still learning about immune side effects produced by these drugs and their severity especially in patients with history of inflammatory diseases. Case presentation: We present two cases of metastatic melanoma treated with nivolumab and pembrolizumab (anti PD-1). Both patients developed acute interstitial nephritis during immune checkpoint therapy. We emphasize the causal association between immune checkpoint inhibitors and the nephritis. The timing of drug administration and appearance of nephritis is suggestive of a causal relation between the checkpoint inhibitor therapy and this adverse event.
Background
Programed death 1 receptor (PD-1), transmits inhibitory signals to immune cells leading to decreased proliferation and apoptosis. Cancer cells express PD-L1, the ligand of PD-1, allowing the tumor to escape attack by effector T cells. Immune checkpoint inhibitors encompass blocking antibodies to the PD-1/ PD-L1 and CTLA-4 checkpoint molecules. These drugs block the PD-1/PD-L1 interaction enhancing the cellular response against the tumor.
Pembrolizumab, an anti-PD-1 antibody, has shown superior progression-free survival (PFS) versus chemotherapy at 6 months: 34-38% versus 16% PFS, respectively [1] . Nivolumab, another anti-PD-1 antibody, approved by the FDA in 2014 to treat metastatic melanoma. A trial comparing nivolumab to dacarbazine in previously untreated patients showed a 12-month survival rate of 73% versus 42% respectively [2] . Another study compared nivolumab to dacarbazine or carboplatin/paclitaxel in patients who progressed on ipilimumab plus or minus BRAF-inhibitor; results showed response rates of 31.7% versus 10.6% respectively [3] .
Nivolumab, alone or in combination with ipilimumab, and pembrolizumab as a single agent are indicated to treat metastatic melanoma [4] . Anti-PD-1 antibodies are now standard treatment for metastatic or unresectable melanoma regardless of BRAF V600 mutation status and are also indicated in non-small cell lung cancer and renal cell carcinoma. Drug-related adverse events are mostly Grades 1 and 2; Grade 3 or 4 toxicity occurred in only 11.7% of patients treated with nivolumab and 17.6% of those treated with dacarbazine [2] .
For nivolumab, serious side effects include colitis, hepatitis, hypophysitis, adrenal insufficiency, type 1 diabetes mellitus, nephritis, extensive rash and encephalitis [5] . Side effects of pembrolizumab include pneumonitis, colitis, endocrinopathies, nephritis and transaminases and bilirubin elevation [6] .
Anti PD-1 and anti CTLA-4 combined therapy clinical trials also noted the occurrence of renal adverse events. For instance, the CheckMate-069 trial combined Ipilimumab 3 mg/kg (anti CTLA-4) with Nivolumab 1 mg/kg and reported a proportion of 1:1000 cases of renal failure of grade 1-2 while Ipilimumab 3 mg/kg or Nivolumab 3 mg/kg alone reported 0:1000 and 2:1000 cases of renal failure respectively [7] .
Here, we present two patients with advanced melanoma that developed interstitial nephritis during treatment with anti-PD1 antibodies. At the time of his sixth scheduled cycle he presented with a serum creatinine of 4.3 mg/dl (baseline Cr: 0.9-1 mg/dl) and was admitted to the hospital. He had no history of kidney disease, hypertension, diabetes, gout, kidney stones or frequent UTIs. His outpatient medications were: fentanyl patch, hydromorphone, hydrocodoneacetaminophen, lorazepam, omeprazole, temazepam and montelukast. He also reported occasional use of NSAIDs. He denied recent upper respiratory symptoms, hematuria, dysuria, foamy urine, abdominal pain, nausea, vomiting, diarrhea, GI bleed, mouth ulcers or inflammatory joint disease. Inflammatory markers and rheumatologic workup were performed (Table 1) . He underwent a kidney biopsy and was started on IV methylprednisolone 1 g/day for three days followed by oral prednisone 60 mg/day. Renal biopsy ( Fig. 1 ) demonstrated diffuse active tubulointerstitial nephritis with severe acute tubular cell injury. Light microscopy showed mononuclear interstitial inflammation with plasma cells and eosinophils. Immunohistochemistry revealed an inflammatory infiltrate composed of CD4 and CD8 T-cells and macrophages (Fig. 2) .
Cases presentation
Here was no hypercellularity, necrosis, crescents or interstitial fibrosis. Moderate arteriosclerosis. Immunofluorescence showed only trace C3 staining in mesangium and electron microscopy revealed mild segmental podocyte foot process effacement 30%. No electron dense deposits or endothelial tubuloreticular inclusions were seen. Creatinine was 2.45 mg/dl at discharge and steroids were tapered over 6 weeks. Upon discontinuation of steroids the renal function returned to baseline. He was not restarted on pembrolizumab. However, ipilimumab was started in July 2016 due to disease progression.
Patient 2: A 78-years-old Hispanic female with history of acral melanoma, hypertension, psoriasis and arthritis was admitted with worsening renal function after three cycles of nivolumab. In September 2013, acral melanoma was diagnosed in the left fourth toe; Breslow depth was 15 mm, non-ulcerated. PET/CT scan suggested metastases to left groin lymph nodes. In November 2013, she underwent amputation of the second and third left toes with negative margins; sentinel node biopsy was positive for 3/3 nodes. In December 2013, completion lymphadenectomy resulted in 1/4 positive nodes for a total of 4/7 positive lymph nodes. She declined adjuvant therapy and underwent active surveillance. In May 2015, the patient presented with a new subcutaneous nodule on the anterior left leg (Fig. 2) , which was confirmed as metastatic melanoma. PET/CT scan revealed multiple in-transit lesions along the left lower extremity. In July 2015, nivolumab was started at 3 mg/kg. Her baseline serum creatinine was 0.75 mg/dl. After three cycles, nivolumab was discontinued because of Grade 3 cutaneous toxicity. Subsequently, a steady increase in the serum creatinine level was noted. The level in October was 0.92, reaching 3.14 by December 2015 when she was admitted to the hospital. Her medications at the time of admission included: clonidine, atorvastatin, lorazepam, ferrous sulfate, nifedipine, omeprazole, hydrocodone-acetaminophen, butalbitalacetaminophen-caffeine; she denied taking NSAIDs or nephrotoxic medications and her hypertension was controlled. She had no history of diabetes or family kidney disease. Complete workup for renal and rheumatologic disease was done similarly to the previous case (Table 1) . She underwent renal biopsy and was started on IV methylprednisolone 1 g/day for 3 days followed by oral prednisone 60 mg daily. Renal biopsy revealed diffuse active on chronic tubulointerstitial nephritis with acute tubular cell injury. Light microscopy showed a mononuclear interstitial inflammation with lymphocytes, plasma cells and eosinophils and no hypercellularity, necrosis or crescents. There was mild interstitial fibrosis with mild tubular atrophy and mild arteriosclerosis. Immunofluorescence revealed no glomerular, tubular or vascular wall immune staining (Fig. 1) . Immunohistochemistry revealed an inflammatory infiltrate composed of CD4 and CD8 T-cells and macrophages (Fig. 2) . Electron microscopy demonstrated minimal podocyte foot process effacement and no electron dense deposits. Discharge renal function was improved (Cr: 1.53 mg/dl) and steroids were tapered down and stopped after 6 weeks when serum creatinine had normalized (Cr: 1.0 mg/dl). She was not restarted on nivolumab and by June 2016 she had completed three cycles of temozolomide.
Discussion
As the use of immunotherapy in the treatment of melanoma and other malignancies increases, infrequent but serious adverse events will become more prevalent. In these two cases treated with anti-PD-1 antibodies, one patient received pembrolizumab and the other received nivolumab. Manufacturer information warns of renal function compromise in 5% of patients treated with nivolumab (40/787 patients pooled from clinical trials), of which 0.8% (6/787 cases) presented with Grade 2 and Grade 3 toxicity. All cases had complete resolution of the adverse event. Three of them permanently stopped nivolumab [5] . In the case of pembrolizumab, manufacturer data reported nephritis in 0.4% of patients (7/1567 patients pooled from clinical trials), and these included Grades 2, 3 and 4 nephritis. Two patients (0.1%) permanently discontinued pembrolizumab and four out of seven patients had resolution of nephritis [6] .
In our case report, both patients were routinely followed in the clinic with laboratory tests prior administering immunotherapy and the rise in creatinine prompted further workup for kidney pathology. The differential diagnosis for an insidious rise in creatinine in patients with no previous history of kidney disease includes prerenal (hypovolemia, rhabdomyolysis), renal (rheumatologic entities, post infectious glomerulopathies, nephrotoxic medication) and postrenal (urinary system obstruction) etiologies, for which complete work up was negative. In the first patient, the timing of the rise in creatinine levels and the introduction of pembrolizumab in the absence of any other precipitating factor (other new drugs, infection) with lack of constitutional symptoms, pointed to immunotherapy being the most likely cause. In the second patient, the largest increase in creatinine occurred after nivolumab had been discontinued; nevertheless, the median time for occurrence of renal adverse events with nivolumab has been reported to be 15.1 weeks and 85% of these cases occurred within 16 weeks of treatment [8] .
Regarding concomitant medications, our first patient had been using PPI/NSAIDs for many years. However, AKI only occurred at the time of introducing immunotherapy. The second patient had been using PPI for many years before and after the introduction of nivolumab. It is unlikely that PPI is the cause of autoimmune nephritis unless immunotherapy played a role by adjusting immune response to PPIs.
Results from both renal biopsies were quite similar. Immune complex deposition diseases were ruled out by histology; absence of necrosis and granuloma formation ruled out ischemia and mycobacterial infection respectively and no infectious collections were seen. Absence of crescents allayed the concern for lupus nephritis, post infectious or membranoproliferative glomerulonephritis, IgA nephropathy, etc. Remarkably, the biopsies presented interstitial infiltration with lymphocytes, plasma cells and eosinophils which are the most likely culprits of the nephritis.
The reported CD4+/CD8+ T lymphocyte infiltrate in the setting of treatment with immunotherapy raises the hypothesis of whether the effector T cells were involved in provoking kidney injury. PD1 checkpoint inhibition stimulates the T cell effector response, consistent with the infiltration of immune cells in the renal parenchyma [9] .
Our second patient presented with low titer positive ANA. This is perhaps reflective of autoimmunity in the setting of immunotherapy or simply an incidental finding, not uncommon in the elderly.
Conclusion
Checkpoint inhibitor immunotherapy is highly effective in treating melanoma and other malignancies. Serious immune adverse events are uncommon, but their numbers will increase as usage of these drugs becomes more prevalent. While renal compromise has been previously documented, it is warranted to recognize that interstitial nephritis may present with negative serological, urine and urine microscopy tests and that it may be only be fully identified with a kidney biopsy as in the cases we report here. Close monitoring and a high degree of clinical suspicion is recommended in patients treated with immune checkpoint inhibitors and discontinuation of the drug is suggested depending on the severity of the adverse event. For most grade 1 and 2 toxicities, drug can be safely but carefully restarted. Patient re-treatment with immunotherapy after grade 3 toxicity requires close evaluation of the risks. Patients with grade 4 toxicity should not be re-challenged. 
